Abstract To characterize patients' willingness to donate a biospecimen for future research as part of a breast cancerrelated biobank involving a general screening population. We performed a prospective cross-sectional study of 4,217 women aged 21-89 years presenting to our facilities for screening mammogram between December 2010 and October 2011. This HIPAA-compliant study was approved by our institutional review board. We collected data on patients' interest in and actual donation of a biospecimen, motivators and barriers to donating, demographic information, and personal breast cancer risk factors. A multivariate logistic regression analysis was performed to identify patient-level characteristics associated with an increased likelihood to donate. Mean patient age was 
Introduction
The field of genomics promises an era of personalized medicine, with cancer therapies selected based on patients' levels of different biomarkers found in their blood and tissue [1, 2] . Fulfilling this promise will require large-scale translational research efforts with a large investment in the development of population-based biobanks [3, 4] . These tissue repositories linked to electronic personal health information databases are considered essential in discovering genetic associations of cancers [4] [5] [6] [7] [8] [9] . In fact, it is believed that the rate-limiting step for genomics-based breakthroughs will not be current genotyping technology, but the availability of biospecimen samples stored in biobanks [10] .
In breast cancer, it is well-known that BRCA1 and BRCA2 gene mutations account for 2 % of malignancies [11] . Yet, studies involving twins suggest that up to 27 % of breast cancers can be accounted for by heritable factors, or a ten times greater combined effect than that from currently identified high risk genes [12] . This discrepancy is likely due to the fact that current genetic data is limited almost entirely to Western European and North American Caucasian populations [10] . The few existing breast registries with biobank components, thus far, have also been limited to patients already diagnosed with cancer [13] . In order to fully realize the potential of breast cancer genomics, breast-related biobanks must include a diverse patient population, including a large proportion of minority women and asymptomatic, healthy women [14] [15] [16] [17] [18] .
While promising, biobanks also come with an array of ethical concerns. Since donated biospecimens may be studied years later, it may not be possible to provide specific information to participants at enrollment regarding how their samples will be used [19] . There may be concern for therapeutic misconception, or a participant's misguided belief that participation may lead to a cure for themselves or their relatives [20] . Furthermore, it is currently unknown what the motivating factors for and barriers to participation are among healthy women who are eligible for mammographic screening. Prior reports with regards to patients' willingness to donate to any type of tissue suggest that what influences patients' decisions to donate or not is specific to the particular disease, patient population, and practice setting [21, 22] .
Postulated motivating factors include the possibility of personal benefit [20, 23] or altruism directed toward family members, future patients, or society as a whole [24, 25] . Postulated barriers to donation include a fear of a breach in confidentiality, misuse of information, historical distrust of health care, physical discomfort from a needlestick, and associated lost time or barriers to access [26] [27] [28] [29] . Reasons may differ based on race/ethnicity or cultural beliefs [30] [31] [32] [33] , including a concern for stigma associated with a genetic mutation specific to an ethnic group [34] .
The future success and generalizability of breakthroughs based on biobank research rests upon the initial recruitment of a diverse patient population. Understanding patients' motivations and concerns regarding donation is critical for insuring a robust informed consent process and developing targeted measures that can alleviate barriers preventing under-represented women from donation. Therefore, our objective was to characterize patients' willingness to donate a biospecimen for future genetic research to a breast cancer-related biobank in a general screening population. We aimed to identify personal characteristics of women who are willing to donate a biospecimen for future genetic research, elicit the key motivators for and barriers to donation, and identify factors associated with racial/ethnic disparities with regards to biospecimen donation during a routine screening mammogram visit. We hypothesized that women who donate are motivated by altruism, that the major concern in donating is privacy, and that racial/ethnic minority women are less likely to donate than their Caucasian counterparts.
Materials and methods

Informed consent
We obtained institutional review board approval for this HIPAA-compliant study. Concurrent with this research project, our institution's breast imaging division underwent a quality improvement initiative to become paperless. Therefore, all patients presenting to our two dedicated breast imaging centers for a screening mammogram were asked to complete their standard-of-care patient history using an electronic tablet (i.e., iPad version 2). At the end of the standard electronic form, patients were presented with a statement about our breast cancer screening registry and asked whether or not they would like to participate. Those who were willing to participate were asked to provide informed consent to allow their electronic data to be used for research purposes. If patients consented to allowing their data to be used, they were then provided with additional electronic questions specific to our study. Those donating a biospecimen were asked to provide a separate written informed consent before actual specimen collection. Patients were able to consent to each item (participation in the registry, biobank, or personal electronic health information access) separately or in combination.
Study population
The ATHENA Breast Health Network is comprised of five UC campuses (UCSF, UCLA, UCSD, UC Davis, and UC Irvine) and aims to capture a large cohort of women from a screening mammogram population. The prospective collection of patient-specific characteristics, clinical data, radiological data, pathologic data, and genetic data promises to revolutionize breast cancer care. UCLA was the first of the five institutions to enroll patients and currently leads patient accrual to the Athena Network. Since the development of a common registry required our breast imaging division to become paperless, the confluence of activities presented a unique opportunity to perform a site-specific evaluation prospectively to explore the motivators and barriers of our general screening population in regards to donation of a biospecimen for future genomic research. All women presenting to our two dedicated breast imaging centers for a routine screening mammogram between December 2010 and October 2011 were invited to participate.
Instrument and data collection
The standard-of-care history portion of the electronic survey captured the following patient-level characteristics that were relevant to our study: age, education level, marital status, race/ethnicity, family history of breast cancer, personal history of breast cancer, prior breast biopsy, breast changes at time of mammogram or within the last 3 months (lump, nipple discharge, pain, other), self-reported health status, and self-reported limitations to regular activities.
Patients consenting to the use of their survey data and who were willing to donate blood or saliva were asked two additional questions about their main motivations and main concerns with regards to donating to the biobank. These additional questions were formulated based on an initial review of the literature. In regards to motivations for donating, participants were able to select one or more of the four closed answer choices: to help future breast cancer patients, to advance scientific knowledge, to help themselves if they develop breast cancer, and/or to help an affected family member. In regards to barriers, participants were able to select one or more of the four closed answer choices: concern for privacy of their genetic data, no selfbenefit, too great of a time commitment, or physical discomfort from a needlestick. At the institutional review board's request, these questions were only provided to those that indicated interest in donating blood or saliva at the completion of the survey. Those not interested in donating were not presented with the targeted questions.
Statistical analysis
We performed all statistical analyses using STATA version 11 (StataCorp, 2009 , College Station, TX). We obtained initial univariate descriptive statistics for the entire study cohort, including their willingness to donate blood or saliva before their mammogram and their actual rate of donation after the mammogram. We performed bivariate analyses using the Pearson Chi-square test between each patient-level characteristic and actual donation of blood or saliva. We then performed multivariate analyses to identify patient-specific factors associated with an increased theoretical likelihood to donate blood or saliva, as well as for actual donation of blood or saliva. Since our dependent variable (donation of blood or saliva) was dichotomous and we desired to estimate its expected value in relation to specific patient-level characteristics (e.g., race/ethnicity), we used a logistic regression model for our multivariate analysis. Before running this model, we tested and accounted for multicollinearity among our independent variables.
Results
Study population
During the study period 5,385 (26.4 %) patients completed the standard-of-care history form using an electronic tablet. Two of these patients were male and thus excluded from our analysis. Of the 5,383 women completing their history forms electronically, 4,226 (78.5 %) provided informed consent for allowing their personal health information to be used for research purposes and represent our study cohort. Of the female patients who provided informed consent to allow their data to be used for study purposes, patients aged 21-89 years were included in our final analysis (n = 4,217). Of these, 66 % (2,785/4,217) expressed willingness to donate, but only 56 % (2,378/4,217) actually donated. The study cohort is further detailed in Fig. 1 .
Descriptive statistics and bivariate analysis
The mean patient age was 57.8 years (standard deviation 11.1 years) (see Table 1 ). Slightly more than three-quarters of our study population (3, reported that they had at least one major comorbidity (e.g., diabetes, hypertension, heart disease, renal disease, liver disease, stroke, or cancer other than breast). Prior to their screening mammogram, 66.0 % (2,785/4,217) of patients were willing to donate blood or saliva during their visit. However, after their mammogram, 56.4 % (2,378/4,217) actually donated blood or saliva to the biobank portion of the registry.
A two-sample independent t test between mean patient age and actual donation of blood or saliva was statistically significant (p \ 0.0001). Pearson Chi-square tests between all categorical patient-level variables and actual donation demonstrated statistically significant bivariate relationships between actual donation of blood or saliva and AsianAmerican race (p \ 0.001), personal history of breast cancer (p = 0.001), family history of breast cancer (p \ 0.001), breast biopsy (p \ 0.001), and at least one major comorbidity (p \ 0.001).
Patients willing to donate blood or saliva at pre-mammogram survey were invited to answer additional questions in regards to their major motivations for donating a biospecimen and their major concerns. The major reasons for and barriers to donation are described in Table 2 .
Multivariate analysis
We summarize the odds ratios (ORs) for the patient-level independent variables from our multiple logistic regression with interest in donation as the dependent variable in Table 3 and from our multiple logistic regression with actual donation as our dependent variable in Table 4 . For both the stated interest and actual donation models, older women (p \ 0.001 for both), Asian-American women (p = 0.005 and \0.001, respectively), women with family history (p \ 0.001 and =0.004, respectively), and women with at least one comorbid condition were willing to donate (p = 0.031 and =0.014). However, only the actual donation model demonstrated statistical significance for college education (p = 0.003) and previous breast biopsy (p = 0.012). These two variables approached statistical significance in the stated interest model. In addition, recent breast symptoms were statistically significant in the stated interest model (p = 0.031), but no longer significant in the actual donation model (p = 0.848).
There was no statistical difference in blood or saliva donation between African-American women or Hispanic 
Discussion
To our knowledge, our study is the first to both describe patient willingness to donate blood or saliva during a screening mammogram visit and determine the patientlevel characteristics associated with both stated interest in donation and actual donation. We found that a substantial proportion (66 %) of women consenting to take part in a large breast screening registry were also willing to donate blood or saliva at their screening mammogram visit. However, actual donation (56.4 %) was less than the stated interest in donation. These findings are in line with prior reports of theoretical public willingness to contribute biological samples for research purposes, which ranged between 42 and 90 % in general population surveys in both Europe and North America [28, [34] [35] [36] [37] [38] . However, our study is the first to delineate willingness to donate blood or saliva specifically in a screening mammogram population. We explored minority participation in research in the context of an ethno-medical model that suggests that individual participation in research is mediated by access to and utilization of healthcare. This model emphasizes maximizing minority research participation in the subset of minority patients who already access and utilize healthcare [39, 40] . Thus, among patients who regularly access screening mammogram and have a particular level of health literacy, we found that there was no difference in likelihood to donate blood or saliva among both AfricanAmerican women and Hispanic women when compared to Caucasian women. This finding, contrary to our hypothesis, differs from previous reports from a US national survey that found African-Americans females as being less willing to provide biospecimens for research purposes [41, 42] . However, prior reports were based on the national surveys not specific to the breast cancer screening populations. The lack of disparity among Hispanic women in regards to donation is consistent with prior research that suggests Latina women having a high interest in participating in research studies aimed at preventing breast cancer [43] . Interestingly, Asian-American women were statistically less likely to donate blood or saliva compared to Caucasian women with an odds ratio of 0.74 for actual donation. Therefore, the Asian-American screening population likely comprises a racial/ethnic subpopulation that, if undersampled, may bias the generalizability of future discoveries made from biobank-related research. The reasons for Asian-Americans declining donation are currently uncertain, but may stem from cultural preferences and attitudes toward cancer. Further qualitative studies are warranted, including focused groups and patient cognitive interviews to elucidate the specific barriers to donation among this heterogeneous racial/ethnic group.
Older patients and patients with at least some collegelevel education were more likely to donate blood or saliva, which suggests that their may be a health literacy and/or maturity gap in regards to patient understanding of the potential societal benefits to donation. While women with a personal history of breast biopsy were more likely to donate blood or saliva based on multivariate analysis, the most common reason for donating remained one of altruism-to help all future patients. The motivation of altruism among the screening mammogram population is consistent with prior studies that identified altruism as the major motivating factor for tissue/organ donation in general [22] .
The major deterrent for donating blood or saliva in the screening mammogram population was the concern for privacy of information gathered from their biospecimen samples. This finding suggests that researchers need to make a concerted effort to carefully explain the security of patient health information and the impact unforeseen disclosure may have during the informed consent process for donation into a biobank. This also overlaps with prior reports of potential barriers to biospecimen donation, that site a breach in confidentiality, misuse of information by a third party, and historical distrust of health care as major issues [26] . Physical discomfort, such as from a needlestick, was not a major deterrent among consenting participants. However, the negative aspect of this process was likely alleviated by the option to provide a saliva sample in lieu of blood.
There are several limitations to our study. First, the study population consists of a subset of a population-based sample of women presenting to two breast imaging centers affiliated with an academic tertiary medical center. Thus, our results may not be generalizable to the entire US screening populations. However, our cohort encompasses a diverse patient population from a large metropolitan area. Moreover, our study cohort included only those willing to participate in the larger breast screening registry study and those that were literate and fluent in English. Therefore, we do not capture the screening population that decline participation in the registry, non-English speaking patients, and the population of women who do not undergo routine screening mammogram. Nevertheless, this latter population is outside the scope of this study's purpose, which is to examine willingness to donate blood or saliva in a screening population that already has regular access to care. There were space constraints and limitations in the electronic survey design for additional study questions, so participants were not able to provide open responses and were asked to select between one and four possible closed responses. Finally, only those willing to donate blood or saliva were able to answer targeted questions aimed at elucidating motivators and barriers for participation due to institutional review board concerns.
In summary, our study demonstrates that diverse patient recruitment into a biobank portion of a breast cancer screening registry can be successful in the breast imaging waiting area. Among minority registry participants, there is no disparity in blood or saliva donation among AfricanAmerican or Hispanic women, but there is a disparity in donation among Asian-American women presenting for screening mammogram. Further qualitative research is required to determine the true concerns and barriers among this minority group. As older women and women with more education are also more likely to donate blood or saliva, the issue of patient maturity and health literacy need to be further addressed in the informed consent process. The focus of future research efforts should be to identify and implement culturally sensitive, active recruitment strategies to insure that all subpopulations of women understand the implications and potential benefits from contributing biospecimens for future genetic-based analyses.
